Summary. Three separate experiments tested whether the seasonal variation in the effectiveness for accelerating or delaying puberty in female conspecifics of male urine, urine from pregnant or lactating females, and urine from females housed in groups is attributable to seasonal changes in the quality of the chemosignals released by the donor mice or to seasonal shifts in the sensitivity to the chemosignals for recipient females or to some interaction between these two factors. Six-by-six cross-classified designs were used with urine collection taking place in alternate months for 1 year and urine treatments with samples from all 6 collection months applied in the same alternate months in the subsequent year. For all three urinary chemosignals the seasonal variations in chemosignal effectiveness were determined to be a function of changes in recipient sensitivity and not of any seasonal shifts in the chemosignals released by donor mice. Seasonal variations in body weight at weaning were also a contributory factor in determining the age of first vaginal oestrus. Covariance analyses revealed that, even after adjustment of the treatment means for the seasonal differences in body weight, there were significant effects on the age of puberty due to seasonal shifts in recipient sensitivity, but not with respect to the month in which the urine was collected.
Introduction
There are at least four substances in mouse urine that influence the timing of sexual development in conspecific females. Urine from male mice, from female mice in oestrus and from female mice that are pregnant or lactating all accelerate sexual maturation in young females, whereas the urine of females caged in groups delays the onset of puberty in other females (Vandenbergh, 1969; Vandenbergh et al, 1972; Drickamer, 1974 Drickamer, , 1986a Drickamer & Hoover, 1979) . Seasonal vari¬ ations in the effectiveness of the urinary chemosignals influencing the timing of puberty have been reported by several investigators using different measures of sexual development (Vandenbergh et al, 1975; Drickamer, 1977 Drickamer, , 1984a Bronson, 1979) . In general it has been difficult to accelerate puberty during the winter months and, conversely, it has been difficult to delay puberty in the summer months. Tests conducted during spring and fall months produce mixed results.
These observed differences could be due to variations in the potency of the urinary chemo¬ signals from the donor mice or to differences attributable to month-to-month variations in the sensitivity of the young female recipient mice to the chemosignals. It is also possible that some form of interaction could occur between any seasonal variations in chemosignal quality and recipient sensitivity. There may also be variation depending upon which chemosignal is being investigated. The present experiments examined donor chemosignal quality and recipient sensitivity for three of the urinary chemosignals, male urine, urine from pregnant or lactating females, and urine from females housed in groups.
Materials and Methods
The mice used in these experiments were from a randomly-bred closed-colony of ICR/Alb house mice (Mus musculus (see Drickamer, 1983a) . For urine from females housed in groups, the donors were adult (100-200 days of age) primiparous females that had been housed 7 or 8 per cage for at least 20 days before urine collection (see Drickamer, 1982a Drickamer, , 1983b Coppola & Vandenbergh, 1985) .
Urine was collected over a 4-6-day period near the middle of each specified month. Urine collection was carried out between 06:00 and 09:00 h, a time when chemosignals from each of the three donor types have been previously shown to be present in the urine in quantities sufficient to produce the characteristic acceleration or delay of puberty (Drickamer, 1982b (Drickamer, , 1984b Rugh (1968) and Vandenbergh et al. (1972) , i.e. 90-100% cornified cells. During the course of the year in which mice were treated and tested. 7 different individuals were involved in taking the daily vaginal lavages; 4 of these individuals were not aware of the details of the experiment and 3 were aware of the treatments. Inter-observer reliability tests involving pairwise comparisons among 5 of these 7 persons resulted in correlation values ranging from 0-94 to 1 00.
Each test mouse was weighed to the nearest 0T g on the day of weaning. These body weights were analysed to determine whether there were any seasonal differences in weaning weight that might contribute to any observed variations in age of puberty.
Each test mouse was treated daily for 14 days starting on the day of weaning by painting the prescribed urine on the external nares using 3-4 strokes of a small paintbrush. In this manner about 005 ml urine is transferred daily to the nares; this is a sufficient quantity to induce acceleration or delay of puberty (Drickamer, 1982c (Drickamer, , 1974c ) and using more than 005 ml urine results in most of the urine running off the nose. A separate vial was opened each day for each urine source and each collection month and all of the vials were discarded after the urine treatment procedure for that day. All urine treatments were conducted between 06:00 and 09:00 h, a time that has proved successful for treatment with urine from all three donor types (Drickamer, 1982b (Drickamer, , 1984b . Also, the daily checks for vaginal introitus and all vaginal smears were conducted during that same time period each day.
Results
Two-way analyses-of-variance were conducted for each separate urine donor type. In each analysis the factor for month of urine treatment was significant (Table 1 ). In none of the analyses were the factor's for month of urine collection (Table 2) or the interaction between month of urine collection Separate two-way analyses-of-variance also revealed that there were significant differences in body weights at weaning; only the month of treatment factor was significant in these analyses (Table 1 ). There were no significant differences in weaning body weights for the month of collection main factor (Table 2) , nor for the interaction factor. The patterns of significant differences across the treatment months (Table 1) show some degree of correspondence to the patterns of significant differences obtained for the mean ages of puberty, but there are numerous exceptions.
Because the analyses of body weights at Day 21 revealed consistent significant differences for the treatment factor it is possible that the results for mean ages of first vaginal oestrus are attribu¬ table to these weight differences and not to any seasonal variations affecting reproductive endocrinology. It was therefore necessary to conduct a separate covariance analysis for each of the urine source types (Table 3 ). In the course of each covariance analysis each of the main effects, month of collection and month of treatment, and the interaction factor, are adjusted for the effect of the covariate, body weight at 21 days of age, as the analysis proceeds. The three analyses all revealed similar findings. The covariate, as expected, was a significant factor and the month of treatment main factor also remained significant in each of the three analyses (Table 3) . Neither the month of collection main factor nor the interaction factor were significant in any of the three analyses. A breakdown of the monthly means produced patterns of significant differences not distinguishable from those in Table 1 . 10-0(0-3) 10-1(0-2) 9-6(0-2) 9-9 (0-2) 10-0(0-2) 9-6(0-2) 0-91 5324 > 0-40 F-ratios from analyses of variance and associated probabilities are given for the Collection Factor from each analysis involving the 6 collection months 6 treatment months of the experimental design described in the text. Vandenbergh, 1983; Drickamer, 1986b (Bronson, 1979; Drickamer, 1979 Drickamer, , 1984d Massey & Vandenbergh, 1980 , 1981 . It would there¬ fore be most interesting to explore, in a comparative fashion, the responsiveness of wild Mus musculus from a variety of habitats and geographical locations to the various urinary chemosignals that influence reproductive condition.
